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IMPORTANCE Cancer screening tests are promoted to save life by increasing longevity, but it

Supplemental content
is unknown whether people will live longer with commonly used cancer screening tests.

OBJECTIVE To estimate lifetime gained with cancer screening.

DATA SOURCES A systematic review and meta-analysis was conducted of randomized clinical
trials with more than 9 years of follow-up reporting all-cause mortality and estimated lifetime
gained for 6 commonly used cancer screening tests, comparing screening with no screening.
The analysis included the general population. MEDLINE and the Cochrane library databases
were searched, and the last search was performed October 12, 2022.

STUDY SELECTION Mammography screening for breast cancer; colonoscopy, sigmoidoscopy,
or fecal occult blood testing (FOBT) for colorectal cancer; computed tomography screening
for lung cancer in smokers and former smokers; or prostate-specific antigen testing for
prostate cancer.

DATA EXTRACTION AND SYNTHESIS Searches and selection criteria followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) reporting guideline.
Data were independently extracted by a single observer, and pooled analysis of clinical trials
was used for analyses.

MAIN OUTCOMES AND MEASURES Life-years gained by screening was calculated as the
difference in observed lifetime in the screening vs the no screening groups and computed
absolute lifetime gained in days with 95% Cls for each screening test from meta-analyses or
single randomized clinical trials.

RESULTS In total, 2 111958 individuals enrolled in randomized clinical trials comparing
screening with no screening using 6 different tests were eligible. Median follow-up was 10
years for computed tomography, prostate-specific antigen testing, and colonoscopy:; 13 years
for mammography; and 15 years for sigmoidoscopy and FOBT. The only screening test with a
significant lifetime gain was sigmoidoscopy (110 days; 95% Cl, 0-274 days). There was no
significant difference following mammaography (O days: 95% Cl, -190 to 237 days), prostate
cancer screening (37 days; 95% Cl, -37 to 73 days), colonoscopy (37 days; 95% Cl, -146 to
146 days), FOBT screening every year or every other year (O days; 95% Cl, -70.7 to 70.7
days), and lung cancer screening (107 days; 95% Cl, -286 days to 430 days).

CONCLUSIONS AND RELEVANCE The findings of this meta-analysis suggest that current
evidence does not substantiate the claim that common cancer screening tests save lives by
extending lifetime, except possibly for colorectal cancer screening with sigmoidoscopy.
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ince the US National Cancer Act was launched in 1971,

cancer screening has been considered pivotal in cancer

control and a primary component to promote health in
many countries.! Consequently, many individuals undergo test-
ing with 1 or several tests to detect cancer at a curable stage or
to prevent cancer through removal of precursor lesions de-
tected at screening.

The most commonly used cancer screening tests are mam-
mography for breast cancer, prostate-specific antigen (PSA)
testing for prostate cancer, fecal occult blood testing (FOBT)
or endoscopy (sigmoidoscopy or colonoscopy) for colorectal
cancer, computed tomography (CT) scanning for lung cancer,
and Papanicolaou (Pap) test cytology (and more recently hu-
man papillomavirus testing) for cervical cancer.?

Cancer screening is advocated to save lives and increase
longevity.>* The association between cancer screening and lon-
gevity is measured by comparing all-cause mortality in people
who underwent screening with those who did not. Like all
medical interventions, cancer screening entails benefits and
harms. Harms can occur at testing, such as perforation and
bleeding during colorectal cancer screening, and at down-
stream diagnostics and treatment, such as septicemia due to
transrectal biopsy in prostate cancer screening or complica-
tions from surgery, radiotherapy, and chemotherapy. Harms
may lead to premature death for some.? A cancer screening
test may reduce cancer-specific mortality but fail to increase
longevity if the harms for some individuals outweigh the
benefits for others (Figure 1) or if cancer-specific deaths are
replaced by deaths from competing causes.

It is important to provide the public with reliable esti-
mates for benefits and harms of screening on cancer inci-
dence and mortality and on lifetime gained by screening.’
While the former has become standard for most cancer screen-
ing tests, the latter goal is still difficult to assess.

Modeling studies base calculated lifetime gained by can-
cer screening on extrapolations of cancer-specific effects on
all-cause death rather than observed data of longevity from ran-
domized clinical screening trials.®” This assumption has been
criticized, and it is unknown whether it is correct.® Observa-
tional studies also harbor major risks of bias and confounding
and are suboptimal when assessing screening effects on life-
time due to self-selection and lead-time bias.?*> The most re-
liable metric to quantify lifetime gained by cancer screening
tests is to use available data from large clinical screening trials.?
To this end, we retrieved information from large-scale ran-
domized clinical trials with long-term follow-up of com-
monly used cancer screening tests and aimed to calculate the
association with lifetime gained.

Methods

Search Strategy

We performed a systematic search in MEDLINE and the Coch-
rane library for reports of randomized clinical trials and meta-
analyses of randomized clinical trials with cause-specific and
all-cause mortality as end points, with no language or publi-
cation date restrictions. The last search was performed Octo-
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Key Points

Question Cancer screening tests are promoted to save lives, but
how much is life extended due to commonly used cancer
screening tests?

Findings In this systematic review and meta-analysis of 18
long-term randomized clinical trials involving 2.1 million
individuals, colorectal cancer screening with sigmoidoscopy
prolonged lifetime by 110 days, while fecal testing and
mammography screening did not prolong life. An extension of 37
days was noted for prostate cancer screening with
prostate-specific antigen testing and 107 days with lung cancer
screening using computed tomography, but estimates are
uncertain.

Meaning The findings of this meta-analysis suggest that
colorectal cancer screening with sigmoidoscopy may extend life by
approximately 3 months; lifetime gain for other screening tests
appears to be unlikely or uncertain.

Figure 1. Mechanisms for Benefits and Harms of Cancer Screening on
Longevity of Life
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The horizontal arrows illustrate 4 individuals who underwent screening. Arrows
pointing right: 2 individuals who experienced screening benefit and live longer
by early cancer detection and cure. Arrows pointing left: 2 individuals who
experienced harm related to screening and died earlier than those without
screening. The blue circle indicates population longevity effect of screening,
which was calculated as all individual benefits minus all individual harms.

@ Harms of screening include perforation or bleeding during sigmoidoscopy and
of diagnostics and treatment after screening, such as surgery, radiotherapy,
and chemotherapy.

ber 12, 2022. Further details about search terms and strate-
gies are described in the eAppendix in Supplement 1. Our study
was not submitted for ethical approval due to its noninterven-
tional nature and design.

We included the most updated meta-analyses of random-
ized clinical trials and single randomized clinical trials if no up-
dated meta-analysis was available for all-cause mortality and
target cancer-specific mortality for the following most com-
monly used screening tests: (1) mammography for breast can-
cer; FOBT every year or every other year, sigmoidoscopy, or
colonoscopy for colorectal cancer; PSA testing for prostate can-
cer; lung cancer with CT for current or former smokers; and
Pap test cytology for cervical cancer.
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We did not include observational or modeling studies be-
cause of their risk of bias related to the research question®*and
our primary aim to provide most reliable results, as observed in
randomized clinical trials. We did not include trials that inves-
tigated outdated screening tests no longer recommended, such
as chest radiography for lung cancer screening.

We used Endnote, version X9.2 (Clarivate), for removal of
duplicate records. Our searches and selection criteria fol-
lowed the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) reporting guideline. Further
details about search terms and strategies are described in the
eAppendix in Supplement 1.

Selection Criteria

Weincluded meta-analyses of randomized clinical trials if avail-
able and updated, and single reports of randomized clinical
trials if meta-analyses were not available or not updated with
the most recent randomized clinical trials. We included all trials
that compared screening with no screening and applied screen-
ing tests as recommended in guidelines regarding the fre-
quency of testing (yearly or every other year for mammogra-
phy, Pap test cytology, FOBT, PSA testing, and CT; and longer
intervals or once-only for sigmoidoscopy and colonoscopy for
colorectal cancer). We did not include reports that primarily
compared different screening tests with each other, but per-
formed a post hoc analysis for chest radiography vs lung CT
in the National Lung Cancer Screening Trial.

We included meta-analyses of randomized clinical trials
with 10 to 15 years of follow-up or individual randomized clini-
cal trials with 10 to 15 years of follow-up when meta-analyses
were not available, as this is a commonly accepted time frame
to observe screening benefits.>” We used absolute and rela-
tive outcomes associated with all-cause mortality based on in-
tention-to-treat comparisons of individuals assigned to screen-
ing vsindividuals assigned to no screening. We used trial data
asreported in the most recent meta-analyses, because we con-
sidered these to provide the most reliable sources of informa-
tion. We also performed sensitivity analyses in which we used
the estimates as reported in the individual trial reports. For ran-
domized clinical trials that were not yet included in meta-
analyses, we used data as described in the trial reports. We did
not perform our own quality assessments of the meta-
analyses and randomized clinical trials.

For lung cancer screening, we found 3 randomized clinical
trials eligible for our study, but no updated meta-analysis was
available. Thus, we performed a random effects meta-analysis
of the eligible trials according to our predefined inclusion crite-
ria using the DerSimonian and Laird model (Stata, version 16.1,
StataCorp LLC) (eAppendix in Supplement 1). For mammogra-
phy screening, we based our main analysis on trials including
women at the most commonly recommended screening start age
of 50 years and excluded trials with suboptimal randomization
as assessed in the meta-analysis and displayed in their analysis
and performed post hoc analyses based on a wider inclusion of
trials as displayed in a separate step in their analysis.®

The primary study outcome was lifetime in the screening
vs the no-screening groups based on reported all-cause mortal-
ity data. We also retrieved data on cancer-specific mortality.
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One of us (M.B.) screened titles and abstracts using Excel
(Windows 360, Microsoft Corp). Full text of potentially eli-
gible reports was assessed for eligibility by 2 of us indepen-
dently (M.B. and P.W.) on the basis of study design, length of
follow-up, and availability of the primary study end point (all-
cause mortality). Discrepancies were resolved by consensus.
Reference lists of eligible articles were hand-searched and
screened by one of us (M.B.) for additional references.

Statistical Analysis

For each of the cancer screening tests of interest, we re-
trieved the reported relative risks of all-cause mortality, ap-
plying either mean or median times of follow-up, depending
on what was reported. We defined lifetime without screening
as the observed follow-up time in person-years for individu-
alsrandomized to the no-screening group divided by the num-
ber of individuals. For the screening group, we calculated life-
time as the observed lifetime in the no-screening group
multiplied by 1 minus the relative risk of all-cause mortality
compared with the no-screening group as derived from the
reports. The observed difference between the observed esti-
mates in screening and the no-screening groups was the in-
cremental gain in lifetime attributable to screening.

We calculated 95% CIs for each derived lifetime differ-
ence between the screening and no-screening groups based on
95% ClIs for relative risks of all-cause mortality as reported for
the trials. We did not adjust for design differences between the
trials, such as explanatory vs management designs or con-
sent procedures before enrollment.

We applied the age ranges as reported in the trials, which
were similar for screening ages in most screening programs to-
day, and did not perform subgroup analyses for age or sex be-
cause for many trials these data were not available. We did not
extrapolate reported results to longer than observed fol-
low-up or to other age groups than those enrolled in the trials,
because such extrapolation would imply assumptions with
little availability of data and thus reduce the reliability of our
results.

To avoid bias and possible overestimation of screening ef-
fects, we used the reported intention-to-treat analyses based on
individuals randomized to the screening and no-screening arms
of the trials. Because observed screening benefits were small, we
present all differences in lifetime gained or lost due to screen-
ing in life-days rather than in life-years. Statistical significance
was set at whether 95% CI crossed O.

. |
Results

The initial search resulted in 4134 references, which were
screened as described in the Methods section. Of these, 103
reports were considered potentially eligible for our review and
assessed in full-text. Of the 103 reports, we identified 18 ran-
domized clinical trials that fulfilled all inclusion criteria with
a total of 2111958 individuals: 4 on sigmoidoscopy screening
and 4 on fecal testing for colorectal cancer, 4 on PSA screen-
ing for prostate cancer, 3 on CT lung cancer screening for cur-
rent and former smokers, 2 on mammography screening for
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Table 1. Randomized Clinical Trials Included in Main Analyses

Screening No screening
Follow-up time, All-cause Cancer
Source? mean, y No. of individuals  deaths deaths No. of individuals  All-cause deaths Cancer deaths
Colonoscopy
Bretthauer et al,® 2022 10.0 28220 3036 72 56 365 6079 157
Sigmoidoscopy
Atkin et al,1° 2017 17.1 57098 13279 353 112936 26409 996
Miller et al,** 2019 15.8 77443 9138 417 77 444 9286 549
Segnan et al,*? 2011 11.4 17136 1202 65 17136 1233 83
Holme et al,**> 2018 14.8 20572 3809 122 78220 13433 530
Juul et al,*4? 2022 15.0 137493 19661 661 137459 20069 827
Biennial FOBT
Mandel et al,*> 1999 18.0 15587 5213 148 15394 5186 177
Scholefield et al,*® 2012 19.5 76 056 40681 1176 75919 40550 1300
Jggensen et al,'” 2002 13.0 30967 12205 362 30966 12248 431
Lindholm et al,*® 2008 15.5 34144 10591 252 34164 10432 300
Annual FOBT
Mandel et al,*> 1999 18.0 15570 5236 121 15394 5186 177
PSA testing
Martin et al,*° 2018 10.0 189386 25459 549 219439 28306 647
Schréder et al,2° 2014 13.0 72891 15369 355 89352 19108 545
Lundgren et al,?! 2018 20.0 2400 1420 86 25081 13283 771
Andriole et al,>% 2012 10.0-13.0¢ 38340 9212 255 38343 9375 244
Lung CT¢
de Koning et al,?3 2020 10.0 6583 868 160 6612 860 210
Wille et al,?* 2016 10.0 2052 165 39 2052 163 38
Paci et al,%> 2017 9.3 1613 154 43 1593 181 60
Mammaography
Miller et al,2® 2014 21.9 19711 734 88 19694 690 90
Tabar et al, 271989 9.0 23701 1985 45 11112 945 36
Tabar et al,2”1989 9.0 23196 1728 52 21962 1821 76
4-Cancer screening
Pinsky et al,?® 2019 16.8 77443 22562 2996 77444 22652 3101
Abbreviations: CT, computed tomography; FOBT, fecal occult blood testing; late 2000s and early 2010s.

PSA, prostate-specific antigen.

2 The screening interventions were performed at different times: the
mammography trials in the 1980s and 1990s; the FOBT trials in the 1980s and
1990s; the sigmoidoscopy trials in the 1990s and 2000s; the PSA trials in the
2000s; the lung cancer trials in the 2000s; and the colonoscopy trial in the

®Pooled analysis of clinical trials'®"2%-30 used for analyses.
€ Range (mean follow-up time not provided in publication).

d Current and former smokers.

breast cancer, and 1 on colonoscopy screening for colorectal
cancer. All individual trials that formed the basis for the pri-
mary analyses are displayed in Table 1.928 Table 2 displays the
meta-analyses and individual trials that were used to esti-
mate all-cause mortality in the main analyses.®:9:1428-32

For breast cancer screening with mammography, a recent
systematic review and meta-analysis was available, but fol-
low-up was only 9.6 years.?* Therefore, we used the same
analysis of a previous meta-analysis that provided 13 years fol-
low-up and included the same trials.® For post hoc analyses,
we used a separate method of that meta-analysis. For colorec-
tal cancer screening, we used a meta-analysis with FOBT
every year or every other year,* a recent pooled analysis of
all randomized clinical trials for sigmoidoscopy,'* and for co-
lonoscopy, with only 1 randomized clinical trial available, we
used that report.° For prostate cancer with PSA screening, we
used a meta-analysis.>2 For lung cancer screening, 3 random-

jamainternalmedicine.com

ized clinical trials fulfilled the inclusion criteria for screening
with CT in current or former smokers.?>2> We performed a
meta-analysis and applied the derived estimates.

In addition to the trials and meta-analyses reporting on in-
dividual screening tests, we found 1 study?* reporting on the
joint effect of multiple cancer screening tests in the same in-
dividuals on lifetime gained, from the Prostate, Lung, Colo-
rectal, and Ovarian Cancer Screening trial,?® a large random-
ized clinical trial in which individuals were exposed to
screening tests for 4 different cancers at the same time: PSA
testing for prostate cancer, chest radiographs for lung cancer
screening, sigmoidoscopy screening for colorectal cancer, and
CA-125 screening for ovarian cancer.

For cervical cancer screening, no randomized clinical trials
with cancer-specific or all-cause mortality end points and long-
term follow-up were identified. Thus, we were not able to in-
clude cervical cancer screening in the present study.
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Table 2. Absolute Risk of Cancer-Specific and All-Cause Death per 100 Person-Years With vs Without Screening in Randomized Clinical Trials

Absolute risk of death
from target cancer per
100 person-years

Absolute risk of all-cause
death per 100
person-years

RR (95% CI)

Lifetime gained

No. of Follow-up all-cause with screening
Cancer screening test individuals time,y*  Screening No screening Screening No screening  mortality (95%Cl), d
Breast cancer: mammography® 73634 13 0.038 0.039 0.65 0.65 1.00(0.95-1.04) 0(-190to237)
S:alt?;?ctal cancer: fecal testing every 457 750 15 0.05 0.07 1.8 1.8 1.00(0.98-1.03) 0(-164to110)
(zic;,lglrectal cancer: fecal testing every 598 934 15 0.06 0.07 1.8 1.8 1.00(0.99-1.01) 0(-55to055)
Colorectal cancer: sigmoidoscopy** 274952 15 0.03 0.04 0.95 0.97 0.98 (0.95-1.00) 110 (0to274)
Colorectal cancer: colonoscopy®® 84585 10 0.028 0.031 1.1 1.1 0.99(0.96-1.04) 37 (-146to0 146)
Prostate cancer: PSA testing3? 675232 10 0.03 0.03 1.3 1.3 0.99(0.98-1.01) 37 (-37to73)
Lung cancer: CT¢ 20505 109 0.23 0.30 1.2 1.2 0.97 (0.88-1.08) 107 (286 to 430)
PLCO multiple screening tests?® 154 887 179 0.24 0.25 1.8 1.9 0.98(0.96-1.00) 123 (6to227)

Abbreviations: CT, computed tomography; PLCO, prostate, lung, colorectal, and
ovarian; PSA, prostate-specific antigen; RR, risk ratio.

2 Time perspective for presented results.

bValues are mortality rates over 10 years follow-up and corresponding risk
ratios, as reported by Bretthauer et al.®

€ Meta-analysis of 3 randomized clinical trials shown in the eAppendix in
Supplement 1.

dSince no cumulative results for a specified follow-up time were given, median
follow-up time is reported herein.

Figure 2. Lifetime Gained With Commonly Used Cancer Screening Tests
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The diamonds indicate point estimates of life days gained or lost for each screening
test. Left and right arrows indicate 95% Cls. CT indicates computed tomography:;
FOBT, fecal occult blood testing; and PSA, prostate-specific antigen.

Study Characteristics
Table 2 presents the results for each screening test from
meta-analyses and from the single randomized clinical trial
available for colonoscopy. Mammography screening trials
had a mean follow-up of 13 years®; follow-up in the trials for
sigmoidoscopy screening for colorectal cancer was 15
years>!; the trials for FOBT every other year and 1 trial for
FOBT every year for colorectal cancer had a 15-year
follow-up®!; the 1 colonoscopy trial for colorectal cancer
screening and the trials for PSA screening for prostate can-
cer had 10 years of median follow-up'#; and the trials for
lung cancer screening with CT scanning for former or cur-
rent smokers had a median follow-up of 10 years.®23-32 The
eTable in Supplement 1 reports the meta-analysis for lung
cancer screening trials.

The number of individuals available for analyses was larg-
est for PSA screening (721718 men), sigmoidoscopy screen-

JAMA Internal Medicine November 2023 Volume 183, Number 11

ing (614 431 men and women), and FOBT screening every other
year (598 934 men and women); smaller for colonoscopy
screening (84 585 men and women) and mammography
screening (73 634 women); and smallest for annual FOBT
screening (30 964 men and women) and CT screening for lung
cancer (20 505 men and women) (Table 2).

All-Cause and Cancer-Specific Mortality

The reported relative risks of all-cause mortality for screen-
ing vs no screening were 0.98 (95% CI, 0.95-1.00) for sigmoi-
doscopy, 0.99 (95% CI, 0.96-1.04) for colonoscopy, 1.00 (95%
CI, 0.99-1.01) for FOBT every other year, 1.00 (95% CI, 0.98-
1.03) for FOBT every year, 1.00 (95% CI, 0.95-1.04) for mam-
mography, 0.99 (95% CI, 0.98-1.01) for PSA testing, and 0.97
(95% CI, 0.88-1.08) for CT. The absolute difference in deaths
of the target cancer per 100 person-years ranged from 0.03 for
prostate cancer to 0.23 for lung cancer (Table 2).

Lifetime Gained With Screening

Based on the observed relative risks for all-cause mortality
and the reported follow-up time in the trials, the only
screening test that significantly increased longevity was sig-
moidoscopy, by 110 days (95% CI, 0-274 days) (Table 2,
Figure 2). We found no statistically significant outcomes for
longevity with mammography screening (O days; 95% CI,
-190 to 237 days) and FOBT screening with yearly or bien-
nial screening (0 days; 95% CI, -70.7 to 70.7 days). Colonos-
copy screening (37 days; 95% CI, -146 to 146 days) and PSA
screening (37 days; 95% CI, -37 to 73 days) may have an
association with longevity of about 5 weeks, and lung can-
cer screening among smokers or former smokers of about 3
months (107 days; 95% CI, —286 to 430 days), but these esti-
mates are uncertain (Table 2, Figure 2). The report on mul-
tiple cancer screening tests reported a mean gain in lifetime
of 123 days (95% CI, 6-227 days) (Table 2). Results of the
sensitivity analysis using the estimates as reported in the
individual trials were similar compared with the primary
analytic approach using the meta-analyses.
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We performed 3 post hoc analyses with wider inclusion cri-
teria, with the first including mammography screening trials with
the same follow-up as in the main analyses but enrolling women
below the commonly recommended screening start age of 50
years,® resulting in no significant time gained with screening (47
days; 95% CI, 142 to 237 days). The second analysis included
mammography screening trials that were categorized as hav-
ing suboptimal randomization in the meta-analysis,® resulting
in a similar result (47 days gained with screening; 95% CI, -47
to 142 days). Third, we compared all-cause mortality in the Na-
tional Lung Cancer Screening Trial,>* which compared screen-
ing with either low-dose CT or chest radiography in current and
former smokers. After 12.3 years of median follow-up, lifetime
gained was 135 days (95% CI, 45 to 270 days) in individuals ran-
domized to low-dose CT compared with those randomized to
chest radiography screening.

|
Discussion

Our study quantifies whether use of 6 commonly used cancer
screening tests is associated with length of life. One test (sig-
moidoscopy) significantly prolonged life and longevity by 110
days, although the lower bound of the 95% CI extended to O.
Fecal testing and mammography screening did not appear to
prolong life in the trials, while estimates for prostate cancer
screening and lung cancer screening are uncertain.

In recent decades, organized cancer screening programs
have been established in Europe, Canada, the Pacific Islands,
and in many countries in Asia. In the US, cancer screening is
offered by many institutions and encouraged and reim-
bursed by most health care payers. Several studies have in-
vestigated the association between screening and all-cause
mortality.®?® Few have translated their results to practical and
easy-to-grasp estimates for health care professionals and in-
dividuals on how much cancer screening may increase life ex-
pectancy. Our study provides these estimates.

Even if we did not observe longer lives in general with 5
of the 6 screening tests, some individuals prolong their life due
to these screening tests. Cancer is prevented or detected in an
early stage, and the individuals survive screening and subse-
quent treatment without harms or complications. Without
screening, these patients may have died of cancer because it
would have been detected at a later, incurable stage. Thus,
these patients experience a gain in lifetime.

However, other individuals experience a lifetime loss due
to screening.3>3¢ This loss is caused by harms associated with
screening or with treatment of screening-detected cancers, for
example, due to colon perforation during colonoscopy or
myocardial infarction following radical prostatectomy.>”:38

For 5 of the 6 screening tests investigated herein, the find-
ings suggest that most individuals will not have any gain in lon-
gevity. For those who have their longevity altered with screen-
ing, the cumulative loss for those who are harmed must be
outweighed in duration by the cumulative gain experienced
by those who benefit to show unchanged lifetime in individu-
als who undergo screening compared with those who do not
(Figure 1).
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The outcomes we observed are similar to those for aspi-
rin use for primary prevention of cardiovascular disease and
cancer (0.6 fewer deaths per 1000 person-years).>° While the
cancer screening tests we studied are widely recommended,
aspirin use is not recommended for primary prevention of can-
cer, and the lack of recommendation for aspirin has been ex-
plained with too-small effects and adverse events, such as
bleeding.?® In contrast, bariatric surgery to prevent obesity-
related disease and premature death in people with obesity has
recently been shown to prolong life by as much as 3.0 years
after 24 years of follow-up.*°

Our study may provide easy-to-understand estimates for
prolongation of life attributable to screening that may be used
in shared decision-making with individuals who consider
undergoing a screening test. Our estimates may also serve to
prioritize public health initiatives in comparison with other
preventive measures, such as obesity treatment or preven-
tion of cardiovascular disease.?®

The lack of increased longevity with screening may also
occur due to competing causes of death. Many of the cancers
we are screening for share risk factors with more prevalent
causes of death, such as cardiovascular and metabolic dis-
eases. A lack of a significant increase in longevity due to
cancer screening may therefore be due to death from com-
peting causes at the same time a patient would have died of
cancer without screening. A mortality shift from cancer to
other causes of death without increased length of life is thus
plausible.

Due to the stigma and the psychological burden, a cancer
diagnosis may also cause extra noncancer-specific deaths from
suicide, cardiovascular disease, and accidents.*"#? Also, in-
creased surveillance after cancer screening may increase the
risk of other incidental disease, which would not have been
detected without screening.*

Adherence to more than 1 screening test may potentially in-
crease longevity. The one study that was available®® does not
suggest that there is an additive effect of screening for more than
1 cancer. Although such outcomes are possible, the competing
risk of other disease might also outweigh the influence of screen-
ing for 2 or more cancer sites on length of life.

Most modeling studies assume that cause-specific mor-
tality outcomes are correlated in a linear fashion with all-
cause mortality without taking into account competing risk
and overdiagnosis.®” One meta-analysis of modeling stud-
ies that aimed to calculate outcomes of cancer screening
associated with all-cause mortality reported that screening
prolongs life by 15 days for colorectal cancer (sigmoidoscopy
screening), 32 days for breast cancer, and 71 days for lung
cancer.”

Our estimates are based on intention-to-treat data from
randomized clinical trials. These data may provide the most
unbiased estimates for outcomes associated with screening.
However, as with all intention-to-treat analyses, the trials
underestimate efficacy due to nonadherence and contami-
nation in the control group. For the time being, however,
lack of detailed longitudinal data allowing adjustment for
selection bias and confounding preclude per-protocol analy-
ses that would provide more reliable estimates.**
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Colonoscopy and sigmoidoscopy are similar to each other.
In essence, sigmoidoscopy is a limited version of colonos-
copy. One may thus assume that colonoscopy would at least
have the same benefit as sigmoidoscopy for all-cause death.
The reason for the current results that show a significant find-
ing for sigmoidoscopy but not for colonoscopy may be the still
limited evidence for colonoscopy, with only 1 trial available
compared with 4 for sigmoidoscopy. We plan to update our
analyses when more evidence becomes available for colonos-
copy and other screening tests.

Our estimates apply to the follow-up of the trials, which
was between 10 and 15 years. It is possible that effects of screen-
ing on longevity are different with longer follow-up. They may
belonger if screening continues to be effective or repeated fre-
quently as people get older. At the same time, screening in older
individuals may increase risk of harms related to the screen-
ing tests or subsequent treatment due to increased comorbid-
ity and frailty in older individuals.

Screening may have an association with longevity and the
trials may have had too few patients and too short follow-up
to prove it. No individual cancer screening trial has, to our
knowledge, been powered to show an effect on all-cause mor-
tality. The cancers screened for are serious and often devas-
tating for patients who experience them, but each cancer con-
tributes only to a small proportion of the overall burden of
human disease. Our point estimates and the CIs around them
may provide a framework for assessment of clinically rel-
evant longevity effects of cancer screening tests, as the real ef-
fects on lifetime by screening with 95% certainty is between
the upper and lower bounds of the calculated CIs. It is up to
individuals, policymakers, and health care professionals to de-
cide whether the maximum calculated outcomes (the upper
bound of the 95% Cls) are large enough to prioritize screen-
ing programs, and conversely how much of a concern the lower
bounds of the CIs represent in the decision-making for or
against a particular screening test. The level of uncertainty
around the point estimates derived herein may be small enough
to allow transparent information and engage in shared deci-
sion-making with individuals and stakeholders.
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Considerable controversy exists about the most appropri-
ate outcome measure for cancer screening tests.>°2 Some
claim that only cancer screening tests with proven effects on
all-cause mortality should be recommended or reimbursed.*°
Others claim that effects on cause-specific death of the target
cancer are enough to promote screening.*' In addition to life-
time gained or lost with screening, quality of life is impor-
tant. Quality-adjusted life-years (QALYs) are difficult to
measure and interpret, but recent analyses of QALYs for mam-
mography screening estimates in Norway suggest that net
QALY in modern mammography screening in Norway may be
negative.2®

Limitations

The study has limitations. As outlined above, we applied in-
tention-to-treat analyses, which provide the most unbiased es-
timates, but may underestimate any associations of cancer
screening with longevity. Furthermore, follow-up time may not
have been long enough in the trials we included, although we
find this unlikely, and finally, even larger trials may be needed
to tease out any association of cancer screening with longev-
ity with more precise effect estimates.

. |
Conclusions

Although our meta-analysis suggests that claims that screen-
ing saves lives are not substantiated by the current best avail-
able evidence, we do not advocate that all screening should be
abandoned. Screening tests with a positive benefit-harm bal-
ance measured in incidence and mortality of the target cancer
compared with harms and burden may well be worthwhile.3°
However, organizations, institutions, and policymakers who
promote cancer screening tests by their effect to save lives may
find other ways of encouraging screening. It might be wise to
reconsider priorities and dispassionately inform interested
people about the absolute benefits, harms, and burden of
screening tests that they consider undertaking. Our estimates
may serve that purpose.
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